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5 CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is a continuation-in-part of U.S. patent application no. 
09/466,535 filed December 17, 1999, incorporated herein by reference, which is a 
division of U.S. patent application no. 09/083,927 filed May 22, 1998, now U.S. patent 
no. 6, 1 84,060, incorporated herein by reference, which is a continuation of international 
D 1 0 application PCTVUS97/1 8979, with an international filing date of October 27, 1 997, 
Ji which is incorporated herein by reference, which claims priority of U.S. provisional 

application no. 60/030,425 filed October 29, 1996. 



BACKGROUND OF THE INVENTION 

[0002] The present invention relates to integrated circuits. 
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OP 15 SUMMARY 

P 

[0003] In some embodiments of the present invention, one or more openings are 
formed in an active side of a semiconductor wafer, a dielectric is formed in the openings, 
and a conductor (e.g. metal) is formed in the openings over the dielectric. Then the wafer 
is etched from the backside to expose the conductor. The openings become through 

20 holes, and the exposed conductor provides contacts protruding from the through holes. 
Each contact has a protruding outer surface not covered by the dielectric. At least a 
portion of the outer surface is either vertical or is sloped outwards (laterally away from 
the corresponding through hole) when the surface is traced in the direction away from the 
wafer. The protruding contacts are soldered to some substrate (e.g. another wafer or a 

25 printed circuit board). The solder reaches and at least partially covers the contacts' 

surface that is vertical or sloped outwards. Consequently, the strength of the solder bond 
is increased. 

[0004] In some embodiments, the dielectric forms a protrusion around each contact. 
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Throughout the protrusion, the dielectric becomes gradually thinner around each contact 
as the dielectric is traced in the direction away from the wafer. The thinner dielectric is 
more flexible, and therefore is less likely to detach from the contact if the contact is 
pulled sideways. 

[0005] Other embodiments and variations are within the scope of the invention. The 
invention is defined by the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Figs. 1-3 illustrate cross sections of an integrated circuit in the process of 
fabrication. 

[0007] Fig. 4 illustrates a cross section of an integrated circuit attached to a substrate. 

[0008] Figs. 5-7 illustrate cross sections of integrated circuits in the process of 
fabrication. 

[0009] Figs. 8-10 each illustrate a cross section of an integrated circuit attached to a 
substrate. 

[0010] Figs. 11-13 illustrate cross sections of integrated circuits in the process of 
fabrication. 

DESCRIPTION OF SOME EMBODIMENTS 

[0011] In this section, the particular materials, dimensions, processes, process 
sequences, and other details are provided for illustration and not to limit the invention. 

[0012] Fig. 1 shows a semiconductor wafer 104 in an integrated circuit fabrication 
process. Wafer 104 includes a semiconductor substrate 110 made of monocrystalline 
silicon or some other semiconductor material. Transistors, capacitors, resistors, and other 
circuit elements (not shown), may have been formed in the wafer in, above and/or below 
the substrate. In some embodiments, the top (or front) side 104F of wafer 104 is an 
"active" side which includes, or will include, the circuit elements mentioned above. The 
top portion of substrate 110 will include active areas for transistors and other devices. 
The backside 104B is a non-active side. Alternatively, some circuit elements may be 




o 



m 

•sr. ■-■ 

s 

o 



N 



# 




M-4532-8PUS 831851 V 

located at backside 104B. Such elements may be formed after the backside etch of wafer 
104 described below with reference to Fig. 3. The particular location and structure of the 
circuit elements do not limit the invention. 

[0013] One or more openings 124 are formed in the top surface of substrate 110. If 
5 other layers (not shown) have been formed on the top surface, these layers are removed at 
the location of openings 124 when the openings are formed. Sidewalls 124S of openings 
124 are vertical or have a vertical portion. In some embodiments, the entire sidewalls are 
vertical except at the bottom comers 124C. The corners may be sloped and/or rounded. 
Openings 124 can be formed by a masked anisotropic etch using known technology. 
10 Suitable anisotropic reactive ion etching equipment is available from Surface Technology 
Systems pic of the United Kingdom. See also U.S. patent 6,184,060 issued February 6, 
2001 to O. Siniaguine, and U.S. patent 6,322,903 issued November 27, 2001 to O. 



If! 

0 Siniaguine et al., both incorporated herein by reference. 



[0014] Dielectric layer 140 (Fig. 2) is formed on the semiconductor surface in 
15 openings 124. Dielectric 140 can be BPSG or undoped silicon dioxide formed by thermal 
oxidation or chemical vapor deposition (CVD). See the aforementioned U.S. patents 



6,184,060 and 6,322,903. An exemplary thickness of dielectric 140 is 1-2 jam. Other 



dielectric materials, fabrication processes and dimensions can also be used. 

[0015] Dielectric 140 can be patterned outside of openings 124 as needed to form 
20 circuit elements. 

[0016] Conductive layer 150 is formed in openings 124 on dielectric 140. Layer 150 
will be used to provide backside contacts on wafer 104. In some embodiments, layer 150 
is metal. In some embodiments, layer 150 is a solderable metal, or a combination of 
conductive layers with the bottom layer being solderable metal. Solderable metals 
25 include copper, gold, nickel, zinc, chromium, vanadium, palladium, tin/lead, tin/indium, 
tin/silver, tin/bismuth, or their alloys and combinations, as known in the art. An 
exemplary thickness of layer 150 is a 0.8-1.2 jim (e.g. 1 |am). Other materials and 
dimensions, known or to be invented, can also be used. 

[0017] Outer sidewalls 150V of layer 150 in openings 124 are vertical or include a 
30 vertical portion. In some embodiments, the entire sidewalls are vertical except at the 



-3 - 



M-4532-8PUS 831851 V( 

bottom corners. 



[0018] A filler 160, for example, a metal, silicon dioxide, or some other material, is 
formed optionally in openings 124 to increase the mechanical strength of the structure 
and/or improve heat dissipation. Filler 160 completely or partially fills the openings. 
5 Filler 160 can be a tungsten plug for example. In some embodiments, filler 160 and 
conductive layer 150 are a single layer formed from the same material in a single 
deposition step. 

[0019] Layers 150, 160 can be patterned as needed to form other circuit elements. 

[0020] The fabrication steps described above can be combined with other steps to 
form integrated circuit elements. For illustration, Fig. 2 shows one such element, a MOS 
transistor. The transistor has source/drain regions 204 formed in the top surface of 
substrate 1 10, a channel region between the source/drain regions, and a gate 208 
overlying the channel region and separated therefrom by a gate dielectric. Layer 150 in 
opening 124 can be connected to a source drain region 204, a gate 208, or other circuit 
elements. Other integrated circuit dies or wafers can be attached to the top of wafer 104. 
See the aforementioned U.S. patents 6,1 84,060 and 6,322,903. 

[0021] As shown in Fig. 3, backside processing of wafer 104 exposes the conductive 
layer 150 on the bottom of the wafer. Suitable processes are described in the 
aforementioned U.S. patents 6,184,060 and 6,322,903. For example, if the substrate 1 10 
is silicon and the dielectric 140 is doped or undoped silicon dioxide and if layer 150 is a 
suitable metal, the layer 150 can be exposed by an atmospheric pressure plasma etch 
using CF 4 . When oxide 140 becomes exposed, the oxide and the silicon 1 10 are etched 
simultaneously. Silicon 1 10 is etched faster than oxide 140. Therefore, at the end of the 
etch, the oxide 140 protrudes down from the bottom surface of substrate 110 around the 
exposed contact portions 150C of layer 150. The protrusions of dielectric 140 will help 
to insulate the silicon substrate from the solder when the contacts 150C are soldered to 
another structure (see Fig. 4). 

[0022] When dielectric 140 is exposed during the backside etch, it is etched both 
vertically and horizontally. The horizontal etch rate may or may not be the same as the 
30 vertical etch rate. Due to the horizontal etching, dielectric 140 is thinned around the layer 
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150. The exposed part of dielectric 140 is shown at 140P. The lower portions of 
dielectric MOP are exposed earlier, and therefore etched longer, than the higher portions. 
Consequently, at the end of the etch, dielectric HOP is thinner at the bottom. The entire 
protruding portion MOP becomes gradually thinner as it is traced down from substrate 
110. As a result, the protruding portion 140P is more flexible at the bottom, and is less 
likely to be detached from contact 150C if the contact is pulled sideways. The contact 
can be pulled sideways after being bonded to a substrate 410 (Fig. 4). The contact can be 
pulled sideways due to thermal expansion/contraction or during handling. 

[0023] The backside etch of substrate 110 and dielectric 140 exposes the vertical 
sidewall 150V of layer 150. In some embodiments, dielectric 140 protrudes down from 
substrate 1 10 by at least 1-2 |am when measured vertically. Contacts 150C protrude 
down below the dielectric by about 1-100 |xm or more. Vertical sidewall portions 150V 
protrude down by about l-100|im or more below dielectric 140. These dimensions are 
exemplary and not limiting. 

[0024] The exposed contacts 150C are soldered to substrate 410 (Fig. 4) with 
solder 420. Substrate 410 can be a wiring substrate, e.g. a printed circuit board or an 
intermediate packaging substrate such as used in ball grid array packaging or other 
packaging types. Substrate 410 can also be an integrated circuit die or wafer, or a stack 
of such dies or wafers. Wafer 104 can be diced before attachment to substrate 410, and 
individual dies can be attached to substrate or substrates 410. 

[0025] Solder 420 is deposited on contacts 430 formed at the top surface of 
substrate 410, or the solder can be deposited on backside contacts 150C, or both. The 
solder can be tin or its alloys as known in the art. Conductive material 150 is solder 
wettable, or includes a solder wettable layer as the bottom layer. Alternatively, before the 
solder is deposited, the contacts 150C can be covered with a solder wettable material (by 
electroplating, for example). 

[0026] In Fig. 5, layer 150 includes a solder wettable layer (e.g. copper) 150.1 and 
some other layer 1 50.2 underlying the layer 1 50. 1 . Layer 1 50.2 can be a barrier layer 
formed to prevent intermixing of layer 150.1 with dielectric 140. For example, tungsten, 
TiW, or tantalum can be used to prevent intermixing of copper with silicon dioxide. In 
some embodiments, layer 150.2 is the bottom sub-layer of layer 150, and layer 150.2 is 
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not solder wettable. Layer 150.2 is etched away to expose the solder wettable layer 
before the contacts 150C are soldered to substrate 410. In some embodiments, layer 
150.2 is etched away during the backside etch of substrate 110 and dielectric 140. For 
example, if substrate 110 is silicon, dielectric 140 is silicon dioxide, layer 150.2 is 
tungsten, TiW or tantalum, and layer 150.1 is copper, then the backside etch may involve 
simultaneous etching of silicon 1 10, oxide 140, and layer 150.2 with a fluorine plasma 
(e.g. CF 4 ) as described above. 

[0027] Alternatively, the layer 150.2 can be removed separately after the backside 
etch of substrate 110 and dielectric 140. For example, layer 150.2 can be dissolved by a 
solder flux or the solder, or can be removed in a separate etching step before the solder 
flux or the solder are deposited. 

[0028] Solder 420 is deposited in sufficient quantities to reach and cover a portion of 
the vertical surface 150V of each contact 150C. See Fig. 4. Consequently, the solder 
bond is stronger because any mechanical forces that may pull the die or wafer 104 
upward must overcome the sheer friction force at the interface between the vertical 
surface 150V and the solder before the solder bond can be broken. (Such "pull-up" 
mechanical forces can be generated by thermal cycling or during handling.) The solder 
portions on the vertical surfaces 150V also protect the solder bond if the wafer or die 104 
is pulled sideways. 

[0029] Solder 420 can be replaced with a conductive or anisotropic adhesive. The 
anisotropic adhesive may fill the entire space between substrates 110 and 410. 

[0030] Many variations of the above process are possible. For example, when die or 
wafer 104 has been attached to substrate 410, a dielectric adhesive can be introduced 
between the die or wafer 104 and substrate 410. Before the die or wafer 104 is attached 
to substrate 410, a dielectric can be formed on the bottom portion of substrate 110. The 
dielectric can be grown selectively as described in the aforementioned U.S. patent 
6,184,060. Alternatively, the dielectric can be formed by depositing a flowable material, 
e.g. polyimide (not shown), over the wafer backside, curing the material, and etching the 
material with a blanket etch, as described in the aforementioned U.S. patent no. 
6,322,903. The material is thinner over the contacts 150C than over the backside surface 
of substrate 110, and the etch of the material exposes the contacts 150C without exposing 
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the substrate. In some embodiments, the etch of the material exposes some of the 
dielectric 140P, and causes the dielectric 140P to protrude from the material. 

[0031] The backside etch can be preceded by backside grinding of substrate 110. In 
some embodiments, the grinding terminates before the dielectric 140 is exposed. 
Alternatively, the grinding may expose dielectric 140, and possibly even the conductive 
layers 150 and 160. See Fig. 6, and see U.S. patent application no. 09/792,31 1 filed 
February 22, 2001 by P. Halahan et al., entitled "Semiconductor Structures Having 
Multiple Conductive Layers In An Opening, And Methods For Fabricating Same", 
incorporated herein by reference. The grinding is followed by a backside etch of 
substrate 110 and dielectric 140 as in Fig. 3. The resulting structure is shown in Fig. 7. 
The protruding dielectric 140P may have a convex profile if before the etch the dielectric 
layer 140 was thicker (wider) at the bottom. See Fig. 6. More generally, the shape of 
protruding dielectric 140P may depend on the profile of dielectric 140 before the etch, on 
the etching process, and possibly other factors which may or may not be understood at 
this time. For example, the etch may include several etching steps with different ratios of 
the vertical etch rate to the horizontal etch rate, and the exact etch rate ratios may affect 
the profile of portions 140P. The invention is not limited to any particular profile of 
dielectric portions MOP or any backside processing techniques. 

[0032] In Fig. 8, the surface 150V of conductive layer 150 is not vertical but is sloped 
outwards with respect to through hole 124 as the surface 150V is traced down. The 
sloped profile can be achieved by depositing the dielectric 140 so that, at the stage of 
Fig. 2, the dielectric 140 gets thinner when traced in the downward direction along the 
sidewalls of openings 124. In the structure of Fig. 9, the sloped profile of surface 150V is 
achieved by forming the openings 124 such that their sidewalls expand outwards as they 
go down. Techniques for forming such openings are well known. 

[0033] Sloped, expanding sidewalls 150V firmly anchor the layer 150 in substrate 
1 10. Layer 150 is therefore less likely to separate from the wafer if contacts 150C are 
pushed up relative to the substrate. The contacts can be pushed by an upward force 
applied to substrate 410 or a downward force applied to substrate 1 10, or by forces 
generated by the thermal expansion of solder 420, or possibly for other reasons. 




[0034] 



Solder 420 reaches around the widest part of contacts 150C and covers a 
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portion of sloped surface 150V. The solder bond is strengthened as a result. 

[0035] If a dielectric adhesive fills the space between the die or wafer 104 and 
substrate 410, the expanding contacts 150C anchor the layer 150 in the adhesive, further 
strengthening the structure. A similar advantage is obtained when solder 420 is replaced 
5 with anisotropic adhesive 1010 (Fig. 10). Adhesive 1010 reaches around the widest part 
of contacts 150C and covers a portion of sloped surface 150V. In Fig. 10, the adhesive 
1010 fills the entire space between the die or wafer 104 and substrate 410. Adhesive 
1010 is generally dielectric but has a conductive portion 1010.1 between each contact 
150C and the corresponding contact 430. Portions 1010.1 become conductive when 
10 contacts 1 50C and 430 are pressed against each other in the process of bonding the die or 
D wafer 104 to substrate 410. 



[0036] In Fig. 1 1, the backside processing of wafer 104 is performed as in the 
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W aforementioned U.S. patent no. 6,322,903. The backside etch of substrate 1 10 exposes the 

rfi dielectric 140 but not the conductive layer 150. Then a flowable dielectric 710, e.g. 

JL 15 polyimide, is deposited on the backside (with the backside facing up), cured, and etched 

H j with a blanket etch selectively to dielectric 140. Dielectric 140 protrudes from the 

P-f 

jjpi surface of the polyimide 710 at the location of the backside contacts. Then dielectric 140 

!r; is etched, possibly selectively to dielectric 710, until the surface 150V of layer 150 is 

exposed. See Fig. 12. Surface 150V can be vertical or sloped outwards as in Fig. 8. In 
20 Fig. 12, dielectric 140 does not become gradually thinner around the contacts 1 50C. 

[0037] The embodiments described above illustrate but do not limit the invention. In 
Fig. 13, the protruding portions of dielectric MOP become gradually thinner around the 
contact 150C, but the sidewalls of layer 150 and opening 124 are not vertical nor sloped 
outwards. The sidewalls are sloped inwards, into the opening, as the sidewalls are traced 

25 down. The invention is not limited by particular materials, dimensions, fabrication 

techniques, or the number of openings 124. The invention is defined by the appended 
claims. In the claims, the terms "top surface" and "bottom surface" are used to identify 
the surfaces and their position relative to each other. These terms do not mean that the 
structures cannot be turned upside down during or after processing, or placed at some 

30 other angle, to position the "top surface" below the "bottom surface" or in some other 
position relative to the "bottom surface". 
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